Abstract-In this paper, a dual load operation with dual maximum power point tracking (MPPT) for standalone photovoltaic (PV) system is introduced. This work investigates performance of PV system with dual load operation and variable irradiance by using proposed fuzzy based dual MPPT. The algorithm together with PV module of Kyocera KD210GH-2PU connected to PV SEPIC dc-dc converter was simulated in MATLAB-Simulink. Its performance has been compared with perturb and observe (P&O). Analysis on the effect of input power and output voltage at the load side when duty cycle and irradiance change have been discussed. From the results and analysis, dual fuzzy MPPT with dual load shows that maximum power can be obtained at lower irradiance by using higher resistance load and during high irradiance, lower resistance is needed in order to achieve maximum power. Different irradiance levels requires different values of resistance load to achieve maximum power and these only can be done using dual fuzzy MPPT with dual loads.
I. INTRODUCTION
Research works in photovoltaic systems have been never ending challenge due to its enormous potential to be the nearest solution we have right now to slowly substitute our dying fuel energy. When the photovoltaic (PV) panel is exposed to solar irradiation, it could generate direct current electricity without any environmental impact and contamination. The only drawbacks regarding it, is the cost to manufacture PV panel is too high with small range of efficiency which is about 15-20% [1] . Due to skyrocketing oil prices, solar energy has been guaranteed for long term benefits due to its free of maintenances [2] .
The output characteristic of PV panel is nonlinear and depends on solar irradiation, temperature and load voltage. When solar irradiation rises, PV current increases, however the temperature of PV module has more significant effect on PV voltage operation [1] [2] [3] [4] . Due to nonlinear output characteristic of PV panel, a controller is needed to track the maximum power point of the PV curve to deliver maximum power and this controller is called maximum power point tracking (MPPT). The operation of MPPT basically is to find maximum operating voltage V mpp and maximum operating current I mpp at which PV operates to obtain maximum power point. There have been many MPPT methods developed and implemented. Among them are perturb and obverse (P&O), incremental conductance(IC), artificial neural network, fuzzy logic, constant voltage, three point weight comparison, short current pulse, and open circuit voltage [5] [6] . The most commonly used methods are P&O and incremental conductance. However, potential artificial intelligent controllers like fuzzy logic and neural network are gaining popularity in MPPT design recently. In this paper, dual fuzzy logic controllers will be designed in order to produce two different duty cycles at different time. Meanwhile, P&O will also be tested in the same system for comparison purpose.
Since number of dc based equipments operated at various levels is growing higher, having dc-dc converter with ability to produce various dc outputs is preferable. As dc-dc converters such as buck-boost and CUK regulator have inverted polarity in their output value, single ended primary-inductor converter (SEPIC) converter is much more preferable because polarity of its output is not inverted [8] . As MPPT tracks maximum power via increasing or decreasing voltage and current, SEPIC is effective as it increases and decreases voltage at current's expenses. Irradiance changing time to time together with changing duty cycles needs to be equipped with different resistance loads in order to give better performance.
Section II covers the proposed system for dual load operation and followed by modeling of PV, discussion on SEPIC dc-dc converter and MPPT algorithms in Sections III, IV and V respectively. Simulation works and results are discussed in Section V and Section VI concludes the findings.
II. Proposed PV system Fig. 1 shows the block diagram of dual-MPPT photovoltaic system with dual-load operation. Photovoltaic panel was connected to SEPIC converter. The MPPT contains two fuzzy logic controllers that operate at different time according to the irradiance. From these two fuzzy logic controllers, one has higher duty cycle and another one has lower duty cycle. The output of the MPPT will be connected to IGBT in SEPIC converter, so that the converter could perform boost and buck operations depending on the duty cycle supplied by the MPPT. A load switching controller has been set up at the load side. The function of load switching controller is to determine at which load, the SEPIC converter should be connected according to the measured voltage. Threshold voltage was set in the switch so that load switching could happen only after output voltage is higher than threshold voltage. During boost operation the output voltage is higher than threshold voltage and switching occurs. Fig. 2 shows the flow chart on how the load changing controller was designed. Load 1 was set up as low resistance and load 2 was set up as high resistance. So, the load changing controller will switch to respective load according to the measured voltage and duty cycle.
When the irradiance is low, the current delivered from the PV panel will be lower and FLC, as explained in detail later with higher duty cycle will be selected. With higher duty cycle, SEPIC converter performs boost action and thus higher resistor will be connected to be associated with the low current supply and to obtain high output voltage at load side.
When the sun irradiance is higher, the input current from PV will increase. Now the targeted load will be lower resistance load, so high current could flow through it and of course the load voltage will be lesser, so SEPIC converter will perform buck action resulting from the lower duty cycle. It is more effective if the system has double load operation where the system could fully optimize the power from PV panel in both conditions, -for higher and lower irradiances. If single load is being used, with both buck and boost conditions, it appears to be less effective, for example, in one load system when then irradiance level is lower and power rating of the load is higher, the converter is unable to supply power to the load efficiently, thus, power losses will happen.
III.PV Modeling
Solar or PV cell is built with p-n junction that is fabricated in thin film or semiconductor. Electromagnetic radiation can easily change the solar energy to electricity through PV effect. PV panel is a connection of various solar cells that is connected in series or parallel to generate desired voltage and current. PV energy is a current-source type. Fig.3 shows equivalent circuit for PV cell. PV panel is built in simulation by using mathematical modeling. The PV model will be used in the simulation tool, to perform as same as real PV panel which can be used further for design and modeling of various system connected to it. The powerful and popular simulation platform to perform modeling work is by using MATLAB-Simulink. All the parameters of the PV panel can be determined by examining datasheet of the manufactured PV panel. In this work, the selected PV panel is KYOCERA KD210GH-2PU. The most significant parameters are the open-circuit voltage; shortcircuit current, ideal factor and band gap at 1 KW/m 2 and normal operating cell temperature (NOTC) of 25°C. The photo current is same as the short-circuit current of the PV and the open-circuit voltage is determined by assuming the output current is zero [1] [2] [3] . PV panel can be categorized to be in good quality if the cell's fill factor of the PV panel is almost to one.
The model of PV cell can be categorized as p-n semiconductor junction; when exposed to light, the DC current is generated. As known by many researchers, the generated current depends on solar irradiance, temperature, and load current. The basic equations describing the PV modeling in MATLAB-Simulink are given as follow:
where: Electron charge, (= 1.6 ×10−19C), and k Boltzmann's constant(= 1.38 ×10−23J/K).
IV.DC-DC SEPIC CONVERTER
In this paper, various dc voltage levels will be used and the converter must have the ability to step up and step down the voltage. The regulation is normally achieved by PWM and the switching device is normally MOSFET or IGBT. Pulse width modulation (PWM) switching technique is used to regulate and modulate the control signal from PV source and determine the duty ratio. SEPIC is able to provide the needed input-to-output gain as a dc-dc converter. Fig. 4 shows configuration of dc-dc SEPIC converter with PV as input. Maximum power is reached when the MPPT algorithm changes and adjusts the duty cycle of the boost dc-dc converter. P&O is a technique where the controller computes and compares the previous power and voltage before it decides either to climb up or climb down the curve to reach maximum power point. So the maximum point will always oscillate around the maximum power point. This algorithm works by using the method of perturbation on the desired maximum point. Its disadvantage is it does not really top at the maximum point, but will continuously perturb. Two types of P&O are by using direct duty cycle to produce output (also known as hill climbing), or by using voltage reference [6] . The advantage of using direct duty cycle is it can avoid using proportional-integral (PI) algorithm to control overshoot and steady state error of the output. However, its disadvantage is hard to tune to get the desired duty cycle [2] . Fig. 5 shows flowchart of P&O algorithm with duty cycle method. When PV power and voltage are increasing, a perturbation will increase a step size ΔD to be added with the duty cycle D, in order to generate next cycle of perturbation and forces the operating point moving towards the maximum power point [9] . If the PV decreases and PV voltage increases, the P&O will work vice versa [10] . The inputs of the P&O algorithm are current and voltage of the PV.
This method works well in the steady state condition (the radiation and temperature conditions change slowly). However, the P&O method fails to track MPP when the atmospheric condition is rapidly changed [9] . Fuzzy logic application in MPPT is increasing in popularity recently due to ease of implementation and higher stability as compared to traditional MPPT such as P&O. Normal fuzzy logic control for MPPT uses two inputs such as error E and change of error CE at sample time k, which is defined by (4) and (5) .
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Basically, operation of fuzzy logic control can be classified into four basic elements. The four elements are fuzzification, rule base, inference engine and defuzzification [14] [15] [16] . Fig. 6 shows block diagram of fuzzy operation in MPPT. During fuzzification, inputs of the fuzzy, CE and E variables are calculated and converted into linguistic variables based on the membership function. The output D is generated by looking up in a rule base table. The fuzzy output is converted back to numerical variable from linguistic variable during defuzzification. The inference method used is Mamdani type [2, 16] . The most common method used for this defuzzification is the centroid since it has good averaging properties and it produces more accurate results.
Dual fuzzy logic controllers used as MPPT in this system as shown in Fig. 7 , perform buck and boost operation for dual load operations. One FLC has been set to give lower duty cycle and another FLC has been set to higher duty cycle output. The input for two fuzzy controllers is the same and the differences will be in the output voltage references in both controller. The timer is set to determine which FLC is to be used at a certain time followed by irradiance change. By using this method, buck and boost operation can be performed by variation of irradiation and different load resistance. In the proposed fuzzy logic controller, 7 membership functions are configured for all inputs. All the membership functions are set as triangular shapes with both ending side of the universe of disclose companied by trapezium shape to show the continuous of the controller. A seven-term fuzzy set, Negative Big (NB), Negative Medium (NM), Negative Small (NS), Zero (Z), Positive Small (PS), Positive Medium (PM), Positive Big (PB), is defined to describe each linguistic variable [14, 15] . The fuzzy method was Mamdani where the maximum of minimum composition technique for the inference was used. Center-of-gravity methods were used in the defuzzification process. Fig. 8 and Fig. 9 shows membership pattern for the following inputs E and CE and output voltage reference. Table 1 shows the rules that are implemented for both controllers. Fig.10 . shows variation of current when irradiance increases. During low irradiance, PV has low current input and during high irradiance, PV has high current input. Input current of PV is directly proportional to irradiance of sun. According to Fig.11 , by changing duty cycle during the PV operation, gives a significant impact on the power input. Whenever the MPPT changed to higher duty cycle, input power experienced a significant power drop during the switching time at 0.5 and 1.5s. Every subsequences of 0.5s, the duty cycle was changed from 0.5 to 0.60 and 0.6 to 0.5, starting with duty cycle D is 0.5. When the irradiance level decreases from 1000KW/m 2 to 200KW/m 2 , the power level also decreases according to the PV curve. The input power level for each irradiance during higher and lower duty cycles remains the same except for the lower irradiance.
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When the duty cycle changes, the lower irradiance has higher effect as compared to the higher irradiance which remains almost constant before and after changes of duty cycle. The power input and output voltage during 200KW/m 2 which is considered to be very low irradiance, falls significantly after switching to higher duty cycle. Higher duty cycles lower the current to provide higher voltage. The solution that can be done is by connecting a higher resistance load, so that the system can associate with low current supply and has higher output voltage. According to Fig. 2 , the threshold voltage at the switch has been set at 30V, if the output voltage has been exceeded 30V, then load1 will be connected or otherwise load2 will be connected from SEPIC converter. For irradiance of 1000KW/m 2 , during duty cycle of 0.5, the output voltage will be 26.6V and during 0.6V, it will be boost for SEPIC converter and the new output voltage is 39.9V. Higher irradiance will not create any problem related to resistance value because the current supplied is huge, so the converter can tolerate any resistance value as compared to lower irradiance. Lower irradiance has very low operating current and the selection of resistance load must be done precisely.
Based on irradiance of 200KW/m 2 as shown in Fig.  13 , during duty cycle of 0.5, the output voltage has the same value as output voltage of 1000KW/m 2 . When the duty cycle has been increased to 0.6, the output voltage has decreased and falls in a lower voltage value.So when same system has higher resistance (40Ω) value load is replaced with the lower resistance (20Ω), and the voltage becomes greater than 30V, thus, the current is being switched from load2 to load1. 
VII. Conclusion
All the simulated results shows that lower irradiance is more suitable to supply to higher resistance load which gives higher output voltage. Higher duty cycle will be used during lower irradiance and will be connected to higher resistance load. However, lower duty cycle will be switched when the irradiance is high and lower resistance load will be connected due to larger current supply. Fuzzy logic controller reduces noises and also reduces high transient voltage during buck and boost operations of SEPIC converter.
